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Sunday, February 3, 2013 95ainformation about the properties defining the potential of KL4 as surfactant
additive.
The surface activity of the different peptides in lipid suspensions mimicking
surfactant composition (DPPC/POPC/POPG 50:25:15 w/w/w), was analyzed
in a captive bubble surfactometer (CBS). Only lipid suspensions containing
KL4 adsorbed to the air-liquid interface with kinetics comparable to those con-
taining SP-B, with KL4PQ and specially KL2A2 showing less activity. The
interaction of the three peptides with membranes was analyzed by DSC,
Laurdan fluorescence and ATR-FTIR. Perturbations induced by peptides on
the structure and permeability of giant unilamellar vesicles (GUVs) were
also analyzed and compared with the behavior of natural SP-B.
The results indicate that the extent of penetration of the peptides in bilayers and
their ability to perturb membrane structure correlate with their different inter-
facial activity.
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a-Synuclein (aS) is an intrinsically disordered protein that forms an amphi-
pathic a-helix upon binding to lipid vesicles. Using Molecular Dynamics sim-
ulations we have recently shown that the protein induces an anisotropic
curvature field in the phospholipid bilayer when bound to a membrane. First,
as is known to be characteristic of amphipathic helices, aS induces positive
mean curvature (a hill). More interestingly, our simulations suggested
unexpected complexities in the induced Gaussian curvature field. Our current
efforts, described here, explore the physical principles that dictate these mem-
brane curvature features, again using large-scale simulations. Our focus has
been on how three physical aspects of the protein (helix length, flexibility,
and hydrophobicity) lead to these complex curvature fields. In addition, we ex-
plore the relationship between negative Gaussian curvature and membrane
tubulation.
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Cellular signaling and membrane transport are tightly coupled to membrane
curvature. Bin/Amphiphysin/Rvs (BAR) domain-containing proteins are key
players in regulating membrane shapes. Particularly, BIN1, an N-BAR domain
containing protein is believed to be essential in initiating and maintaining
plasma membrane invaginations (T-tubules) in muscle cells. Three mutations,
K35N, D151N and R154Q, have been discovered so far in the BAR domain of
BIN1 in patients with centronuclear myopathy (CNM), where biogenesis of
T-tubules is compromised. However, the molecular mechanisms remain
elusive. Here, we demonstrate that all CNM-related mutations lead to loss
of membrane tubule generation in C2C12 myoblasts. We also use several
in vitro assays to characterize the differences among BIN1 N-BAR variants
with respect to membrane association affinities and membrane tubulation po-
tential. We find that the mutations-D151N and R154Q in the BAR domain
reduce membrane binding affinities and membrane-bound protein densities
especially on highly curved liposomes, whereas the K35N mutation in the
N-terminal inserting helix binds membranes similarly as the wild type protein
(WT). We observe that both WT and K35N can deform vesicles into ~ 30nm
wide tubules and tubulation capacity is dependent on membrane surface
charge and protein concentration. Contrarily, D151N and R154Q show limited
ability to induce membrane curvature. Equilibrium tube-pulling force mea-
surements report on mechanical effects of proteins on established membrane
tethers and suggest that only WT and K35N oligomerize on membrane tethers.
R154Q barely causes a tether pulling force reduction, consistent with the
observation that R154Q shows the weakest membrane binding affinity. We
hypothesize that the D151N mutation impairs protein oligomerization inter-
face and is deficient in membrane-mediated protein lattice formation, thus
defective curvature induction. Taken together, our results provide new insights
into the membrane-involved pathophysiological mechanisms leading to hu-
man disease.
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University of Arkansas, Fayetteville, AR, USA.Lactoferricin B (LfB) is a 25-residue peptide from the N-terminus of bovine lac-
toferrin with broad-spectrum antimicrobial activity. A hexapeptide has been
found that retains antimicrobial activity (LfB6: RRWQWR-NH2) (Tomita, et
al., Acta Paediatr Jpn, 1994, 36:585-91). Previous work in our lab has shown
that reversing the sequence (Retro LfB6: RWQWRR-NH2), amino-acylation,
or tryptophan-methylation (MeTrp) increase antimicrobial activity. We now
compare the effects of Trp-methylation at position 2 (RMeWQWRR-NH2;
Retro LfB6 MeTrp2) versus position 4 (RWQMeWRR-NH2; Retro LfB6
MeTrp4), and of N-acylation of each peptide with a C6-fatty acid tail. Selective
deuteration of theMeTrp residues permits analysis of the peptides by solid-state
2H NMR spectroscopy in oriented bilayers.We find that the antimicrobial activ-
ity of peptides with MeTrp at position 2 is reduced compared to position 4, ex-
cept in the case C6-Retro MeTrp2 which exhibits greater activity towards
E. coli. 31P NMR spectra of oriented samples composed of DMPC and
DMPC:DMPG (3:1), to mimic mammalian or bacterial cell membranes, respec-
tively, reveal that the bilayer remains intact when exposed to the peptides. This
suggests the mechanism for antimicrobial activity does not involve large scale
membrane perturbation. 2H NMR spectra reveals that the MeTrp in the acyl and
non-acyl MeTrp2 peptides is less well-aligned on the surface compared to the
MeTrp4 peptides. Partitioning assays confirmweaker binding for RetroMeTrp2
peptides compared to MeTrp4. Fluorescence spectroscopy shows that, although
the spectra of the Retro MeTrp4 and MeTrp2 peptides are similar, the emission
max for the Trp and MeTrp residues in acyl and non-acyl Retro MeTrp2
peptides are blue-shifted (lower max) compared to the Retro MeTrp4 peptides,
indicating a less polar environment.
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K-Ras4B is a small GTPase that plays a critical role in human cancer cell
biology. Selective membrane localization and clustering of K-Ras4B into
microdomains are mediated by its polybasic farnesylated C-terminus. The
importance of the subcellular distribution for the signaling activity of
K-Ras4B became apparent from recent in vivo studies, showing that the delta
subunit of cGMP phosphodiesterase (PDEd), which possesses a hydrophobic
prenyl-binding pocket, is able to function as a potential binding partner for far-
nesylated proteins [1], thereby leading to a modulation of the spatiotemporal
organization of K-Ras [2]. Even though PDEd has been suggested to serve as
a cytosolic carrier for Ras, the functional transport mechanism still remains
largely elusive.
In this study, the effect of PDEd on the interaction of GDP- and GTP-loaded
K-Ras4B with neutral and anionic model biomembranes has been investigated
by a combination of different spectroscopic and imaging techniques. The com-
bined results show that PDEd is not able to extract K-Ras4B from membranes.
Rather, the K-Ras4B/PDEd complex formed in solution turned out to be unsta-
ble in the presence of heterogeneous membranes, resulting in a release of far-
nesylated K-Ras4B upon membrane contact. With the additional observation of
enhanced membrane affinity for the K-Ras4B/PDEd complex, a molecular
mechanism for the PDEd-K-Ras4B-membrane interaction could be proposed
[3]. This includes an effective delivery of PDEd-solubilized K-Ras4B to the
plasma membrane, dissociation of the K-Ras4B/PDEd complex upon plasma
membrane contact, and finally membrane binding of released farnesylated
K-Ras4B that leads to K-Ras4B-enriched microdomain formation as a putative
signaling platform.
References:
[1] Ismail SA et al. (2011) Nat. Chem. Biol. 7: 942-949.
[2] Chandra A et al. (2012) Nat. Cell Biol. 14: 148-158.
[3] Weise K et al. (2012) J. Am. Chem. Soc. 134: 11503-11510.
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a-Synuclein (a-syn) is an abundant protein of ill-defined function enriched in
the presynaptic terminals of neurons. The presence of aggregated or amyloid
a-syn in the brain is a hallmark of Parkinson’s disease and its conformation
and aggregation kinetics are modulated by membranes. In our work, we aim
to understand how a-syn association influences the structure and properties
96a Sunday, February 3, 2013of the phospholipid bilayer. Recent reports have found that a-syn induces
membrane tubulation in vesicles containing anionic lipids, especially POPG
(1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-(1’ rac-glycerol)). Interaction
with negatively charged lipids and the formation of a-helix structure by
a-syn are proposed to be important factors. Unexpectedly, we found that
POPC (1-palmitoyl-2-stearoyl-sn-glycero-3-phosphocholine) vesicles of aver-
age diameter 100 nm are remodeled rapidly (~ seconds) into tube-like struc-
tures by a-syn as visualized by negative staining transmission electron
microscopy (TEM). Even in the presence of low amounts of a-syn (250 nM);
tubules were clearly observed by TEM under a wide variety of lipid-to-
protein ratios. Moreover, tubulation competes with a-syn amyloid formation.
These results appear to contradict the current hypothesis for membrane curva-
ture generation mechanism which involves the formation of amphipathic heli-
cal structure upon membrane association as secondary structure changes of
a-syn in the presence of POPC vesicles are undetectable by circular dichroism
spectroscopy. Other techniques including nuclear magnetic resonance and
fluorescence spectroscopies are currently being employed to map the specific
interacting region in order to unravel this apparent paradox.
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In vivo studies have reported preferential partitioning of Ras GTPases into
ordered lipid-protein membrane domains, a process believed to regulate both
cellular signaling and protein trafficking.1 However studies in vitro have failed
to quantify a preferential partitioning of full length Ras proteins into the liquid
ordered phase2,3 and thus a biophysically validated mechanism for in vivo
sorting of Ras is still missing. We recently showed that lipidated proteins local-
ize to highly curved membranes in vitro.4 Here we study both in vitro and
in vivo whether recruitment by membrane curvature can sort full length
lipid-anchored Ras.
We employ a single vesicle fluorescence based assay to quantify in vitro the
sorting by membrane curvature of full-length Ras proteins. We demonstrate
a more than 50 fold increase in protein density on membranes of high curvature
as compared to the density on flat membranes. To test for recruitment by mem-
brane curvature in vivowe utilize hypo-osmotic swelling of cells, which flattens
curved membrane regions. By measuring the local protein density using
FRET,5 we detect a significant reduction in the clustering of Ras and other lipi-
dated proteins upon membrane flattening. This demonstrates that recruitment
by membrane curvature can sort Ras and potentially other lipidated proteins
in cellular membranes. Furthermore sorting by membrane curvature constitutes
the first biophysical sorting mechanism for Ras validated by both in vitro and
in vivo measurements.
1 Hancock, J. F. Nat. Rev. Mol. Cell Biol.4 (2003).
2 Johnson, S. A. et al.Biochim. Biophys. Acta - Biomembranes1798 (2010).
3 Nicolini, C. et al.J. Am. Chem. Soc.128 (2006).
4 Hatzakis, N. S. et al.Nat. Chem. Biol.5 (2009).
5 Kohnke, M. et al.Chem. Biol.19 (2012).
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The infection process for enveloped viruses begins with the attachment of
viruses to the host cell surface, followed by the fusion of the viral membrane
with the host membrane. For Influenza, attachment and fusion are mediated
by a single protein, hemagglutinin (HA), anchored in the viral membrane. Suc-
cessful virus attachment to the host cell hinges on several factors such as the
chemical affinity of HA to sialic acid (SA) receptors, polyvalent binding, and
binding site accessibility. To characterize binding kinetics of influenza X31
(H3N2), total internal reflection microscopy is used to observe dye-labeled vi-
ruses interacting with SA receptors embedded in a supported lipid bilayer. An
important advantage of the single-particle binding assay is that it can extract the
binding and unbinding times of individual viruses, which are needed to deter-
mine the binding residence time distribution and binding rate constant (kon).
The binding residence time distribution is used to characterize the binding
affinity of HA to SA and binding avidity of a virus to several SA receptors.Meanwhile, the binding rate constant is used to quantify the accessibility of
HA to SA.
In this work, we examine influenza binding to several types of glycolipids. The
glycolipids are GM3, GM1, and GD1a, which all have the alpha 2-3 linked
sialic acid group but with varying peripheral glycan structures. Results show
that the binding rate is the greatest for GD1a, followed by GM3 and then
GM1. The binding residence time data, however, shows little difference
between the three receptors. We will discuss possible rationales for these obser-
vations, while demonstrating the utility of the single particle assay as a conve-
nient tool for studying binding kinetics.
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Picornaviruses hijack host membranes to create an organelle that serves as the
site of viral genome replication. This virus-induced organelle can be observed
by EM at a time when viral RNA is accumulating exponentially and infectious
virus can be isolated. Proteins encoded by the P2-region of the genome have
been thought to be necessary and sufficient for transformation of intracellular
membranes into a compartment for viral replication. However, there is increas-
ing evidence that proteins encoded by the P3-region serve important roles in
formation of the replication organelle. We have made the unexpected observa-
tion that the poliovirus (PV) protease and RNA-binding protein, 3CD, contrib-
utes to formation of the replication organelle and is needed for this organelle to
efficiently transfer replicated genomes from the site of synthesis into capsids.
The role of 3CD in formation of the replication organelle is concentration
dependent and can be complemented in trans, suggesting an interaction of
3CD with a host factor. Recently, the Altan-Bonnet lab showed that
phosphatidylinositol-4-phosphate (PI4P) increases in abundance during picor-
navirus infection and localizes to the replication organelle. How a lipid contrib-
utes to formation and/or function of the replication organelle remains to be
elucidated. We have now shown that ectopic expression of 3CD is sufficient
to alter the localization and increase the abundance of PI4P lipids in cells. In
addition, our biochemical, biophysical and computational experiments support
the conclusion that PV 3CD is a phosphoinositide-binding protein. We are cur-
rently pursuing the hypothesis that 3CD is recruited to virus-induced mem-
branes containing PI4P and that the level of 3CD and 3CD-3CD interactions
leads to formation of the replication organelle and the large vesicular clusters
observed in cells infected by PV. We suggest these large vesicular clusters may
be required for virus assembly.
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Over-expression of the foreign monotopic glycosyltransferase MGS in Escher-
ichia coli triggers the formation of a large amount of internal vesicles (J. Biol.
Chem. 284:33904, 2009). This phenomenon seems to be directly related with
the interactions between the protein and the inner membrane lipids. It has
been shown that this massive vesiculation process is not induced by the enzy-
matic activity of the protein, but rather due to the structural and mechanical
properties of MGS. In this work we study the specific interactions of MGS
with the lipid membrane and we unveil the biophysical mechanisms that lead
to the massive formation of internal vesicles in E. coli.
We use both molecular dynamics (MD) simulations and analytical modeling to
understand the molecular basis for this phenomenon and the relative impor-
tance of various potential driving forces that may induce membrane deforma-
tions, such as lipid-protein interactions and protein crowding. First we studied
the specific interactions between a single MGS and the lipid membrane. By us-
ing MD simulations we show that the N-domain (of the double Rossmann fold)
has a leading role in modulating the bonds with the lipid bilayer, and that the
connection between MGS and lipidic membranes is modulated by both hydro-
phobic and electrostatic interactions. These conclusions are in perfect agree-
ment with chemical experiments run in parallel.
Furthermore, we are using coarse-grained MD simulations to study the effects
of asymmetric crowding and determine how several MGS molecules bound to
